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Fig.  It  Coordinator  and  Bondicg  Tank  Walla 

fig.  2a i  Pnoouro  dlotrlbwtlcn  dm  to  bonding  tank  walls  (b  -  2) 

Fig,  2hi  Htaao  anglo  of  praaaura  dlatribjtioo  dna  to  bonding 

tank  walla  (h  •  2) 

Fig,  3* I  hrooatcro  distribution  dna  to  bonding  tank  walla  (h  *  It) 

Fig.  3b.  Pbaaa  angla  of  proa  atm  distribution  duo  to  bonding 

tank  walla  (h  -  It) 

Fig,  In  Prooauro  distribution  and  pbaaa  anglo  of  prooauro 

distribution  dus  to  bonding  tank  walla  (f  •  lOepa) 

Fig,  5**  Fluid  foroo  duo  to  bonding  tank 

Fig.  3b.  Pbaaa  angla  of  fluid  foroo  duo  to  bonding  tark  walla 

Fig.  6a  i  Fluid  want  duo  to  bonding  tank  walla 

Fig.  6b i  Pbaaa  anglo  of  fluid  nonant  duo  to  bonding  tank  walla 
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I.  yjWAST 


The  sffset  of  bonding  tank  walla  on  the  fluid  of  a  partially  filled 
cylindrical  tank  la  considered  with  dampix*.  The  following  investigation 
applies  the  theory  of  Reference  3  with  Incorporated  da*-plnr  faotora  g. 
Physicti  reasons  lead  to  tbs  transformation  of  tho  theoretical  formulae. 

The  pressure  distribution,  fluid  force,  and  fluid  moment  due  to  bending 
tank  walls  were  detenrlred  and  graphed.  For  low  one)  very  high  frequencies, 
the  damping  is  of  ninor  importance.  Hear  tha  resonances,  tie  dsrnniiy:  is 
of  strong  influence. 

The  obtained  r* suits  will  be  incorporated  into  the  bonding  flutter 
analysis. 

So  far,  in  the  bending  flutter  analysis,  the  mass  of  ’I*  propellants 
has  bean  assumed  as  rtass-polnts  distributed  along  the  .->188110  axis. 

However,  the  energy  dissipated  in  the  oscillating:  liquid  nav  cous"  a 
considerable  increase  in  the  effective  structural  darrir  o  tl.»  missile, 
thus  penritting  greater  rreedorr  in  the  1  p-out  of  the  elortrlol  control 
system.  At  low  frequencies  ("first  sloshing  rode"),  tho  ’  ondinr  of  the 
missile  may  change  the  character  of  thr  oscillation  aiffieiontl*.  to  rv-ke 
the  incorporation  of  tho  missile  bending  In  the  investi'  ation  of  those 
frequenclee  very  desirable. 
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m.  nrmoajcnjw: 


Bk  exact  solution  of  fluid  Motion*  in  a  cylindrical  tank  due  to 
b  allng  valla  vms  salved  In  Rsfsr-encs  J  for  Ideal  fluid  ( incompressible 


and  new-viscous) . 


i  solution  ' 


i  fo,nd  by  solving  the  Potison-ulffur- 
antlal  aquation  for  special  boimdsu-y  condition*.  The  n»ault,  bovevor, 
has  a  1  ugularl  tla  x  at  tbs  natural  frequsneis  a  which  ars  for  tba  frequency 
of  Interest  very  doe*  to  each  other.  Therefore,  the  solution  cannot 
be  applied  around  thee*  singular! ties.  An  apjsMxl.  motion  Is  obtalnsd 
by  introducing  damping  terns  In  the  resonance  for*  of  the  theoretical 
solution  of  the  Ideal  fluid  case  as  done  In  Reference  2.  Physical  con- 

aide  rations  for  Infinite  leaping  lead  to  tranefonaatloo  of  the  original 
formulae  of  Reference  3. 

iv.  rrossuKE  DignuBtmoH,  fluid  forck  amp  fluid  iowt: 

To  introduce  the  damping  factor  in  the  different  values  of  Reference  1, 
vo  have  to  eonaider  some  jhyaleal  reasons  which  will  lead  us  to  the  trans¬ 
formation  of  the  formulas .  For  no  damping,  tbs  transformed  formulae  has  to 
be  the  formulae  from  Reference  j,  whlla  for  Infinite  damping,  the  formulae 
l  below. 

ve  are  only  Interested  in  the  pressure 

rot,  the  values  for  thses  expressions 
It  Is  seen  that  tho  wall 


has  to  tend  to  certain  values  gl 

Slnoe  in  the  flutter  analyile  » 
distribution,  fluid  force  end  fluid 
will  only  be  derived  from  Reference  )(4la) 
pressure  distribution  Is: 
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the  total  force  Is  then 
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BUS  Is  the  first  tera  In  fonsula  (2).  Bm  fores  finally  can  bs 
written  as: 


The  pressure  distribution  Is: 

-  $  e.4U,ttoi  f>  |du>Vu)  t*.e  ■*■ 

-‘i-  ■» 

Tbs  ■oasnt  of  tbs  fluid  with  Infinite  leaping  j  ■» 
composes  of  two  parts: 

(a)  ■oasnt  due  to  lnortls 

(b)  scasnt  due  to  rotation. 

Bm  Hssnt  irojid  tbs  undlstur  sd  center  of  gravity  of  a  disc  (See 
Fig.  l),  due  to  inertia  Is: 


V^2  (x+z) 

which  la  Integrated 


toLm  e'ui  ~  j  <.,i)( i+2)'*i 
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moment  due  to 
inertia 
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Tt-a  n  *n,i  b  -  value*  are  taken  for  a  Motion  of  the  tank  bo t too 
ti  " 

parallel  to  the  x-dlrectlon  and  are  (Camare  38a,  to)  in  Reference  3): 
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V.  APPLICATION: 

He  ctaooae  now  a  tank  vlth  the  length  H  and  a  radian  a 
filled  to  the  height  b  vlth  fluid  (ti  In  Reference  3).  The  tank 
bottoa  and  tank  top  are  fixed  and  are  not  moving,  while  the  tank  wall 
oacilletes  in  a  parabolic  ah* pc . 

The  aque.tlca  \,(t)  of  the  bending  tank  wall  in; 
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Fvrthermjr* 


’Ct-a  1>  the  muIiw  dlaplucaaent  at  the  tank  vail. 
5(%  lu  a  pur«  nu»b«r  {  )F.  f  ) 

Daterwi  notice.  of  the  Integrals 


TTie  conatanta  a.,  and  k„(lle,t!)  are; 
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The  exact  solution  for  fluid  notion  In  a  cylindriesl  ♦fra  ^"c  10 
bo,, din,  Wl*  s*llo  1.  darlved  1»  »ef»‘«'»»  3.  for  an  ldoul  Hold 
llncor, recall  la  and  nonviscous).  Tin.  resull.  *t  >«"  f-isienri.. 

of  Mr  fluid  in  tFe  unV  are  trrecular  ..no  cannot  In  »«=*.  Tlrmfom. 
an  nurroxifutlon  van  o.talnsd  hy  Introducin'  an  1-winsri  dsnrln,  tom  In 
u»  resonance  Urn.  a.  -referred  in  Brfnirnon  2.  Smtr  the  UMin,  or  • 
occurs  at  hirhnr  rredosncle.  than  rn.t  *.d  oomrc-  I  a  tartan  an  ■, 
and  since  the  .red™.  tnnlinr  .nflltodc  I-a  of  the  first  node  nay  tn  of 
th.  order  of  .  snail  tr.n.l.tlon.1  asrlltn*.  Or  valors  o  trenad  for 
fluid  oscillations  d»  to  In,  for  tree  -.11.  -'ll  '«  of  mmltud. 
of  I  ,osn  for  rirld  tan*  anils.  It  In  therefore  lree.-l.lc  to  radnol 
♦  hem  In  all  ca«ra. 

It  can  he  ....  tron  tl»  rrevlou-  f.  rrulac  that  the  influence  or  too 
room  tondlnr  dlsrlnarwl*  X.s  of  the  tart  .all  In  Umar. 

The  at  solute  pressure 


!.  r.iyl.nd  In  Fl^ ^"indT  for  a  fluid  Fal  I  t  fc-2  ond  h-l  f  r  different 
forced  fruiusncies  re  and  dasirlar  fnntorn  f.  For  very  nr.ll  urn.lcs, 
the  dnnrlnf.  i.  only  of  m  mall  lnflu.no..  Hear  the  loser  r.  nonane, 
and  at  tin  re . or. anon s.  or  the  Hnrrlri  la  ss-ry  1  r  rtnnt  and  the. 

quite  different  results.  For  vnry  l.llh  freiaenelre  (for  -rl,  ,  fit  el¬ 
and  no  reoi.na.ice )  tin  d-Tiny  “  ■>'  »lror  ,rr«*  ror  ”*  +***  ***•' 
which  is  of  lntarest  for  tin  wounllv  use  '  wm-H*”'""  H-  res.  ranee 
irregularity  is  wry  aw*,  la..  >he  aapinr  in  of  sdnor  Infl.nnee  ,r  .0 
a  wry  -arrow  interval  at  the  r* wor.w  fn-iurrcy. 
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For  Inereasliif  acceleration,  the  fluid  force  a».  * 

(leer* ■sint'  •*  can  be  seen  from  the  previous  fcrnulae.  The  liquid  height 
is  of  considerable  influence  on  the  fluid  -ore*  tmd  momrn*  sr  shown  in 
Fij .  $  and  6.  For  rnnaU  forced  frequencies,  the  damping  playa  ■  "in©*1 
part.  Hear  resonance,  of  course,  the  rtaisnln;  coefficient  e  ia  o«*  atrons 
influence  on  tie  fluid  forces  and  moments.  For  forced  frequencies 
aiwiller  then  the  firat  resonance,  but  close  to  it,  the  IT  id  force 
d-- creases  at  a  certain  fluid  height.  for  small  darpinF,  the  decrease  ia 
stronger,  ’’or  a  certain  fluid  iwipht  near  the  r-nximuB  bending  displace- 
rent,  the  fluid  force  part  due  to  aloahinp  la  greet,  vhile  ter  higher 
liquid  heights,  this  force  ia  trailer  due  to  smaller  well  dlaplacenents. 
The  additional  force  due  to  Inertia  of  the  additional  fluid  rart  ia  not 
Kraat  snou.h  to  overcor*  the  difference  f  tlw  sloshing  forces  for  the 
two  different  heights.  For  higher  damping,  the  slosh  force  difference 
la  (.mailer  .M  is  overcome  by  the  iner*la  forcea,  which  meant  that  there 
la  no  decrease  in  Quid  force  with  increasing  flu<d  'eiiht.  For  it 
forced  frequanev  which  is  ali.htly  higher  than  the  first  resonance,  the 
fl, do  force  has,  for  arall  damping,  a  ronai derails  decreaae  with  inrrcaa- 
inp  fluid  hel  ht  and  increases  afain.  Higher  damping  #iove  the  sane 
effect  up  to  the  intersection  point  of  all  curvea  at  mentioned  for  hi,  her 
damping  below  t-  e  rirat  resonance.  Behind  the  intersection  point,  tne 
fluid  force  will  be  greater  for  hirher  damping.  For  very  high  forced 
frrquenci-s,  the  dampinr  in  the  rinre  of  interest  is  of  minor  importance, 
and  the  force  i*  Increasing  with  increasinc  flui  height. 

The  fluid  moment  around  the  center  or  gravity  or  the  undlsturled 
fluid  due  to  ben-'inp  tank  walls  la  decreasing  for  increasing  fluid  height 
from  a  certain  fluid  hei  ht  on  for  the  ewe  reason  as  mentioned  before 
for  the  fluid  force.  For  low  forced  frequencies  ,  the  amninr  is  of  less 
importance,  while  near  resonances,  it  is  of  rtronr  influence.  For  very 
high  force  frequencies,  the  <iar.pi  nr  ia  of  minor  influence. 
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